Blossom-end rot is probably the most recognizable Ca deficiency that affects fruit production including pepper. We investigated the induction of blossom-end rot during the period of rapid vegetative growth and fruit setting, and the effect of Ca fertilization on the suppression of blossom-end rot in pepper plants grown in a plastic-film house. During the first fruit setting period, more than 60% of pepper fruits larger than 8 cm showed the symptoms of blossom-end rot. Under the condition of transpiration occurring at a much faster rate, growing leaves of pepper plants could be the greater sinks for Ca than developing fruits. The incidence of blossom-end rot was significantly decreased after two weeks of Ca fertigation. Calcium application during the rapid vegetative growth and fruit setting period could be suggested as a preventive step to overcome the local Ca deficiency inducing blossom-end rot of pepper fruits.
Introduction
Blossom-end rot is the most common physiological disorder found in pepper and tomato. Blossom-end rot is associated with a local calcium (Ca) deficiency during the initial stage of fruit development (Marcelis and Ho, 1999; Morley et al., 1993) . Calcium is required in relatively large concentrations for normal cell growth. Calcium is essential for the stability of biomembranes, and Ca-polygalacturonates are required in the middle lamella for cell wall stability (Marschner, 1986) . When a rapidly growing fruit is deprived of necessary Ca, necrotic lesions are initially developed at the outer surface of flowering end of the fruit. Plants are susceptible to such localized Ca deficiencies in low or non transpiring tissues.
The Ca deficiency in plants that causes blossom-end rot is commonly caused by one of the following; lack of Ca in the soil, periods of drought followed by large amounts of water, over watering, excess nitrogen, and excess competitive cations. Environmental conditions including high temperature and light intensity, water deficit, and high salinity are also known to cause blossom-end rot (Rubio et al., 2009; Saure, 2001.) . Under these conditions, a lack of Ca uptake from the soil, a rapid plant growth and fruit development, and a low transpiration of the whole plant may restrict the transfer of Ca to the low transpiring fruits (Bradfield and Guttridge, 1984; Marcelis and Ho, 1999) .
Rapid growth of pepper plants, particularly of those in greenhouse, correlates with lower Ca absorption from substrates and its lower concentrations in fruits along with induction of blossom-end rot (Marcelis and Ho, 1999) . Blossom-end rot develops most frequently when vegetative growth is rapid and fruit setting starts, just as fruits need Ca the most .
Under the condition of high temperature in the greenhouse, competition for water between leaves and fruits can restricts Ca translocation to the low transpiring fruits . In this study, we examined the induction of blossom-end rot during the period of rapid vegetative growth and fruit setting, and the effect of Ca fertilization on the suppression of blossom-end rot in pepper plants grown in plasticfilm house. mg kg Number of blossom-end rot fruits as % of total number of fruit larger than 8 cm. ‡ Mean ± standard deviation. 
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Materials and Methods
The experiment was conducted in a plastic-film house at Experimental Farm of Daegu University. The soil characteristics are shown in Table 1 . The house Soil was prepared two weeks before transplanting after application of basal chemical fertilizer (N-P-K=12.2-6.4-6.1 kg 10a -1 ) and compost (1000 kg 10a -1 ). Four raws spaced 90 cm apart were prepared in the plasticfilm house (6.5 m × 25 m). Pepper seedlings (Capsicum annum L., Nocgwang) from a commercial nursery were transplanted on May 4, 2011 in each raw with 40-cm space.
Six plots of ten pepper plants were selected randomly in the plastic-film house, and the incidence of blossomend rot in each plot was examined during the first fruit setting period. Pepper fruits larger than 8 cm were harvested in each plot, and the ratio of blossom-end rot fruit was calculated. After this investigation, Ca fertilizer was applied in three of the six plots using water soluble Ca fertilizer (4% CaO) at the rate of 10 kg per 10a through a drip irrigation system. Two weeks after Ca fertilization, the effect of Ca on suppression of blossom-end rot was evaluated by comparing the incidences of blossom-end rot in the pepper plants of Ca treated and untreated plots. Concentration of Ca in fruits of normal and blossom-end rot was quantitated by ICP-OES (Varian, model 720-ES, Mulgrave, Australia) after wet digestion in 1:1 HNO 3 -H 2 SO 4 solution.
Results and Discussion
During the first fruit setting period, more than 60% of pepper fruits larger than 8 cm showed the symptoms of blossom-end rot ( Table 2 ). As shown in Fig. 1 , the affected area occurred mostly on the sides of the pepper fruits near the blossom end. As the lesion developed, the affected area enlarged and became sunken, resulting in a brown or yellow appearance.
The incidence of blossom-end rot decreased significantly after two weeks of Ca application. Also in the plots where Ca was not applied, a significant decrease of blossom-end rot affected fruits was observed, though the decrease was much less than that found in the plots of Ca fertilization. Considering the significant suppression of blossom-end rot incidence with Ca fertilization, the high incidence of blossom-end rot in pepper fruits found during the first fruit setting period could be due to Ca deficiency.
Concentration of Ca in the blossom-end rot-affected pepper fruits was much lower than that found in the normal fruits (Table 3 ). The application of Ca fertilizer led to a significant increase in Ca concentrations in pepper fruits and suppressed the incidence of blossomend rot.
In this experiment, a very abrupt and extensive occurrence of blossom-end rot in pepper plants was observed during the first fruit setting period, at which vegetative growth of pepper plants was very rapid. Since the transpirational water flow goes to areas of new shoot growth that have the greatest transpirational demand, Ca will therefore be deposited in the new shoot and leaf tissues, and little will end up in developing fruit where it is needed most. In the study of Leibisch et al. (2009) , regarding fruit development in tomato, the lowest Ca concentrations were observed 30 days after anthesis. The Ca concentrations decreased from 10 to 30 days after anthesis and increased again towards later developmental stages. It has been suggested that blossom-end rot occurs mostly during a period of high cellular Ca demand, when fruit growth is accelerated or Ca delivery to the fruit is limited (Bradfield and Guttridge, 1984; Ho, 1989; Marcelis and Ho, 1999) . During cell expansion, there is a considerable demand for Ca as a structural component of new cell walls and membranes, and as a cytosolic signal in the form of a counter-cation in the enlarging vacuole (Ho and White, 2005) .
The high temperature and dry condition in plasticfilm houses could be another reason of the abrupt blossom-end rot incidence observed in this experiment. Under high temperature and dry weather condition, when transpiration is occurring at a much faster rate, growing leaves and stems of pepper plants could be greater sinks for Ca than developing fruits. Since the mobility and redistribution of Ca in the plants are relatively poor, the resulting decrease of Ca that flows into those young fruit tissues via xylem transport is believed to contribute to the onset of blossom-end rot . In addition, blossom-end rot could be induced under the restricted Ca translocation to fruits due to high amounts of competitive cations and restricted water supply in soils and excessive N fertilization causing a rapid vegetative growth Bar-Tal, 2001; Taylor et al., 2004) .
Recently, several studies have implicated the possibility of P, Mn and Zn nutrition in the induction of blossomend rot of vegetables fruits (Aktas et al., 2005; Silber et al., 2005) . Manganese and Zn are found to suppress blossom-end rot of pepper fruits with inhibition of the production of reactive oxygen species in apoplast. However, a severe water stress which reduces Ca uptake and distracts Ca flux from the fruit to the leaves is the most common cause of this physiological disorder of vegetable fruits under high transpiration.
Conclusion
Blossom-end rot is the most recognizable Ca deficiency that affects vegetable fruit production including pepper. Considering the results of this study and previous trials (Bar-Tal, 2001; Silber et al., 2005; Taylor et al., 2004; Wada et al., 1996) , additional Ca application in combination with increased irrigation scheduling during the period of rapid vegetative growth and fruit setting could be suggested as a highly effective preventive measure to overcome the local Ca deficiency inducing blossom-end rot of vegetables fruits.
